Usefulness of cervical computed tomography and magnetic resonance imaging for rapid diagnosis of crowned dens syndrome: A case report and review of the literature 
Introduction
Crowned dens syndrome (CDS) is a radioclinical entity defined by the association of microcrystalline deposition of calcium pyrophosphate dehydrate (CPPD) in the cruciform ligament around Abbreviations: CDS, crowned dens syndrome; CPPD, calcium pyrophosphate dehydrate; CRP, creactive protein; ANCA, anti-neutrophil cytoplasmic antibody; MRI, magnetic resonance imaging; Gd, gadolinium; CT, computed tomography; 3D, three-dimensional; NSAIDs, non-steroidal anti-inflammatory drugs; FLAIR, fluid attenuated inversion recovery.
* the odontoid process and is demonstrated radiologically as a radiopaque density in a crown or halo-like distribution that appears at the superior and lateral portions of the odontoid process [1] [2] [3] [4] . The deposits of CPPD can remain asymptomatic or can be responsible for chronic cervical illness or spinal cord compression and lead to periodic acute cervico-occipital pain with fever, neck stiffness, and biological inflammatory syndrome [1, 5] . Here, we report a patient with CDS who dramatically improved in 5 days following treatment with oral nonsteroidal anti-inflammatory medication.
Case description
A 61-year-old man with a history of subarachnoid hemorrhage was admitted to our hospital because of a sudden onset of high fever, severe occipital headache, and neck stiffness. At admission, his body temperature was 39.3 • C. He did not show any neurological deficits, including Kernig's sign. Laboratory examination revealed a markedly elevated white blood cell count (12270/L) and Creactive protein (CRP) level (23.29 mg/dL). His serum uric acid level (5.2 mg/dL) was not elevated. Blood testing for connective tissue disease or vasculitis, including rheumatoid factor, cytoplasmic antineutrophil cytoplasmic antibody (ANCA), perinuclear ANCA, and anti-nuclear and anti-cyclic citrullinated peptide antibodies, were all negative. These findings suggested severe infection such as sepsis and/or meningitis. However, blood cultures were negative, and his serum procalcitonin was not elevated. Routine cerebrospinal fluid studies revealed a slight abnormality (white blood cell 1/L and protein 47 mg/dL), whereas cerebrospinal fluid culture and anti-herpes simplex virus and varicella-zoster virus antibodies were all negative. Intracranial magnetic resonance imaging (MRI) demonstrated almost normal findings, except for slight retention of the subdural hematoma without gadolinium (Gd) enhancement (Fig. 1) . However, a plain cervical computed tomography (CT) scan and three-dimensional (3D)-reconstruction imaging detected a remarkable crown-like calcification surrounding the odontoid process (Fig. 2) . In addition, cervical MRI did not demonstrate strong direct compression of the cervical cord; however, the soft tissue surrounding the odontoid process was hyperintense on T2-weighted imaging with fat suppression without Gd enhancement (Fig. 3) . Based on these radiographic findings, the patient was diagnosed with a severe case of CDS. Although clinically asymptomatic without a previous history of arthritis, the patient's X-ray and CT of the knee joints revealed calcium deposits, suggesting underlying crystalline deposition disease (Fig. 4) . Non-steroidal anti-inflammatory drugs (NSAIDs) were immediately started and tapered off within 3 weeks. The patient's symptoms drastically improved within 5 days after initiating NSAID treatment, and the blood results consistent with a serum inflammatory reaction decreased to within normal range 14 days later. The T2 hyperintense lesion on MRI disappeared within 2 weeks (Fig. 5) , which helped us exclude infectious meningitis and sepsis from the differential diagnosis. The symptoms improved completely, and the patient was discharged 15 days after admission.
Discussion
CDS is a rare disease entity which radiologically shows calcification of the cruciform ligament around the odontoid process and clinically presents with acute cervico-occipital pain, fever, and neck stiffness accompanied by a biological inflammatory reaction [1] [2] [3] [4] [5] . The diagnosis of CDS is based on the combination of clinical, biological, radiological, and therapeutic findings: acute periodic attacks of feverish cervico-occipital pain and neck stiffness with biological inflammatory syndrome, radiological identification of a crown-like calcification surrounding the odontoid process due to microcrys- talline deposits, and a drastic improvement in symptoms under treatment with NSAIDs or colchicine [1, [5] [6] [7] . However, the triad of fever, headache, and neck stiffness is also suggestive of infectious meningitis and can easily warrant a lumbar puncture [5, 6, 8] . Therefore, CDS should be considered in the differential diagnosis of fever, headache, and neck pain of unknown origin [3, 5, 6] .; Cervical CT scanning focusing on C1 and C2 is the gold standard of CDS diagnosis [1] [2] [3] [4] [5] [6] [7] [8] . The typical tiny, half-ringed, crown-like form of calcification behind the dens is described as the most important and definitive feature of CDS. In the present case, cervical CT scan, especially the 3D-CT, was much more useful in assessing calcifications of the dens area than the MRI scan. Additionally, CT scan findings can lead to the definitive diagnosis of CDS, even in cases in which it is difficult to identify CPPD microcrystalline deposits directly. However, in our case, it is interesting that the soft tissue surrounding the odontoid process was hyperintense on MRI T2-weighted imaging with fat suppression. It is reasonable to assume that the increase in crystalline deposits around the odontoid process evokes the inflammatory reaction and causes symptoms such as neck pain, restriction of neck movement, and fever. In fact, the signal change in the acute stage on MRI disappeared 2 weeks after the administration of oral NSAIDs. Therefore, we think that MRI is useful for proving inflammation in patients with CDS, and this is the first report making reference to the MRI findings of CDS.; In general, CDS has a good prognosis, and symptoms usually subside within a few weeks [1, 4, 5, [9] [10] [11] [12] [13] . The appropriate treatment for CDS remains controversial; however, NSAIDs are conventionally used [1, 4, 5, [9] [10] [11] [12] [13] . In most of the previously reported cases, oral NSAIDs therapy alone was sufficient to improve the symptoms within several days. In some refractory cases, corticosteroids were additionally administered [6] . Because CDS mainly occurs in elderly people, steroid therapy should be prescribed with careful consideration to avoid fatal side effects. Additionally, the long-term use of anti-inflammatory drugs is unnecessary for the treatment of CDS [13, 14] . Clinicians should therefore be cautious about the choice of specific NSAID and length of anti-inflammatory therapy for the treatment of CDS. In our case, the patient's fever promptly resolved 1 day after oral NSAID administration, and his neck pain and restriction of cervical movement disappeared 5 days later. In addition, the patient's serum CRP normalized within 3 weeks after treatment.; Rapid diagnosis of CDS, based mainly on cervical CT and MRI scans, can prevent misdiagnosis, invasive and unnecessary investigations (lumbar puncture, biopsy), inappropriate treatment (steroids, antibiotics, antiviral drugs), and prolonged hospitalization. Nevertheless, at present, CDS is a rare neurological condition, and there have only been a few case reports. Therefore, further research and an accumulation of case reports are necessary to obtain a better understanding of the pathological conditions associated with CDS. 
Conclusion
We describe a patient with CDS that manifested with clinical (acute headache, fever, and neck stiffness) and radiographic (calcium deposits in the cruciform ligament) features. This rare condition should be considered in the differential diagnosis of fever, headache, and cervical pain of unknown origin. The rapid diagnosis of CDS, based mainly on a cervical CT and MRI scans, can prevent invasive, expensive, and useless investigations and can help avoid a long course of potentially dangerous and inadequate treatments, notably with cortisone, and prolonged hospitalization of elderly patients.
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